ABSTRACT: Angus-cross steers (n = 60) were used to assess the effect of forage species [alfalfa (AL; Medicago sativa L.), bermudagrass (BG; Cynodon dactylon), chicory (CH; Cichorium intybus L.), cowpea (CO; Vigna unguiculata L.), and pearl millet (PM; Pennisetum glaucum (L. R Br.)] in replicated 2-ha paddocks for finishing on cattle performance, carcass quality, and meat quality in a 2-yr study. Steers were blocked by BW and assigned randomly to finishing-forage treatments before the start of the experiment. Steers grazing AL and CH had greater (P < 0.05) ADG than those grazing for BG, CO, and PM, whereas AL produced more (P < 0.05) gain/ha than CH, CO, and PM. Days steers spent grazing were longest (P < 0.05) for PM and shortest (P < 0.05) for CO. Steers grazing BG and CO produced heavier (P < 0.05) HCW than steers grazing BG and PM. Dressing percentage was greatest (P < 0.05) in steers grazing CO, and grazing AL resulted in greater (P < 0.05) dressing percentages than grazing BG, CH, and PM. Grazing AL and CH produced carcasses with more (P < 0.05) fat at the 12th rib than steers grazing warmseason grasses (BG and PM). Marbling scores tended to be greater (P = 0.06) for CO, but carcasses from steers grazing CO received greater (P < 0.05) quality grades than AL and CH. Trans-11 vaccenic (C18:1 trans-11; TVA) acid concentration in the LM was greater (P < 0.05) for BG than CH, CO, and AL. Conjugated linoleic acid, cis-9 trans-11 isomer, concentration was greatest (P < 0.05) for BG and PM than AL, CH, and CO. Grazing CH and PM increased (P < 0.05) the ratio of omega-6 to omega-3 fatty acids in the LM compared with AL, BG, and CO. Grazing legumes (AL and CO) resulted in lower (P < 0.05) Warner-Bratzler shear force values than other forage species. Consumers rated steaks from steers finished on AL and CO pastures greatest (P < 0.05) and steaks from steers finished on BG and CH least (P < 0.05) for overall palatability. Consumer preference was greatest (P < 0.05) for steaks from steers finished on AL and least (P < 0.05) for steaks from steers finished on BG and CH. Finishing steers on AL and CH during summer increased steer performance (> 1 kg/d). Finishing on legumes (AL and CO) increased dressing percentage, reduced Warner-Bratzler shear force values, and increased consumers preference, whereas finishing on grasses (BG and PM) enhanced anticarcinogenic fatty acid concentrations.
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INTRODUCTION
Forage-finished beef can be produced during fall, winter, and spring months in the southeastern United States through use of cool season forages, such as nontoxic cool-season perennial grasses, small grains and cool-season annual grasses, and cool-season legumes. These forage species, planted either in monocultures or in combinations, frequently produce individual calf gains that exceed 1 kg/d. Crops for producing foragefinished beef in the southeastern United States during the summer months are more limited. Bermudagrass (Cynodon dactylon L. Pers.) and bahiagrass (Paspalum notatum Flugge) are the primary forage species used in the Southeast for summer grazing. Although these perennial forages are well suited for regional cow-calf operations and can produce high forage yields, their nutrient concentrations are inadequate for finishing beef cattle. In addition, these grasses require nitrogen fertilization, which has become increasingly expensive in recent years due to escalating natural gas prices.
Research is needed to evaluate alternate forage crops for production of forage-fed beef during summer months. Annual and perennial forage crops, including chicory (Cichorium intybus L.), alfalfa (Medicago sativa L.), cowpea (Vigna unguiculata L.), and pearl millet (Pennisetum glaucum L.), all have nutrient contents capable of producing adequate cattle gains for summer forage-finished beef production. These forages also possess agronomic characteristics useful in the Southeast. Forage-finished beef products have greater concentrations of nutraceutical compounds, like CLA and α-linolenic acid, compared with beef from traditional grain-finished cattle (Duckett et al., 2009a) . Use of different forages during summer months to expand the grazing season could also alter the fatty acid composition, fat-soluble vitamin content, and cooked beef palatability of the resulting beef product. Therefore, the objective of this study was to examine 5 forage species for summer forage finishing of beef cattle and their effects on performance, carcass characteristics, and beef quality.
MATERIALS AND METHODS
The experimental procedures were reviewed and approved by the Clemson University Institutional Animal Care and Use Committee.
Forage Treatments
Alfalfa (Medicago sativa L.), bermudagrass (Cynodon dactylon), chicory (Cichorium intybus L.), cowpea (Vigna unguiculata L.), and pearl millet (Pennisetum glaucum (L. R Br.) were assessed during the summer months of 2007 and 2008 at the Clemson University Simpson Research Station (Anderson, SC). Using a complete randomized block design with 2 replications, ten 2-ha paddocks were blocked and forage species were randomly assigned within each block. Paddocks were blocked according to soil type and topography.
Before the experiment, all 2-ha paddocks were predominantly hybrid bermudagrass varieties (cv. Coastal); however, during the fall of 2006, paddocks assigned randomly to alfalfa and chicory were sprayed with glyphosate (4.61 kg a.i./ha), and chicory (Puna II; Ampac Seeds, Tangent, OR) and alfalfa (Alfagraze 300RR; Americas Alfalfa, Nampa, ID) seed was planted (No-Till Drill; Great Plains Mfg., Inc., Salina, KS) into killed paddocks in late September at seeding rates of 4.5 kg/ha and 22.4 kg/ha, respectively, after the necessary lime, P, and K amendments were applied based on soil test recommendations. Chicory was replanted at the end of October with a seeding rate of 6.72 kg/ha due to poor emergence and establishment, whereas the chicory in replicate A was also replanted in September 2007 at a seeding rate of 8.4 kg/ha due to a poor stand after 1 yr of grazing.
The existing mix of common and Coastal bermudagrass was used for the bermudagrass treatment, and the bermudagrass paddocks were sprayed in April (before green-up) to remove other plant species, specifically tall fescue. In late April 2007, paddocks assigned to cowpea and pearl millet treatments were sprayed with 4.61 kg a.i./ ha glyphosate, and inoculated cowpea (cv. Iron & Clay; Athens Seed, Athens, GA) and pearl millet (cv. Tifleaf 3; Hancock Seed Co., Dade City, FL) were planted (56 and 28 kg/ha, respectively) into clean tilled paddocks in May. Due to high productivity of pearl millet, only 1-ha paddock replicates were used for grazing in this study. Pearl millet and cowpea paddocks were overseeded with a cereal rye/ryegrass mixture for winter grazing in fall of 2007; however, the next May, paddocks were killed again with glyphosate, and cowpea and pearl millet were no-till drilled using the 2007 seeding rates. In 2008, paddocks that were assigned to cowpea in 2007 were planted to pearl millet and paddocks assigned to pearl millet in 2007 were planted to cowpea. The necessary P and K amendments were made to all paddocks at forage establishment according to soil tests. Nitrogen (67 kg/ha) was applied twice to bermudagrass and pearl millet paddocks in spring and summer of both years. Chicory received 2 applications of 67 kg N/ha in winter and spring in both years. Chicory was mowed as needed after grazing to control bolting and encourage vegetative growth.
Cattle Management
Angus-cross steers (n = 60) from the Clemson University beef herd were used in this 2-yr grazing study. Each winter, 30 steers grazed cereal rye/ryegrass and tall fescue pastures before being blocked by BW and assigned randomly to 1 of 5 forage-finishing treatments. Forage-finishing treatments started when forage growth for each individual forage species was adequate for grazing. A 12-h fasted BW was obtained and steers were treated for internal parasites (Ivomec; Merial Limited, Duluth, GA) immediately before being placed on forage treatment. In 2007, initial grazing date for alfalfa and chicory was early April, whereas in 2008, grazing began in late March for alfalfa and early April for chicory. Due to dry conditions in 2007, the initial grazing date for bermudagrass was late June but grazing began in midMay for 2008. In both years, pearl millet and cowpea grazing began in late June.
All steers were provided with fresh water, shade, and a free choice mineral supplement (Table 1) , and steers grazing alfalfa (AL) had ad libitum access to a Sweetlix Bloat Guard Pressed Block (Ridley Inc., Mankato, MN) to aid in bloat prevention. When necessary, steers were treated for flies (CyLence; Bayer Animal Health, Shawnee Mission, KS). Individual paddocks were alternately stocked and put-and-take stocking was used to maintain forage residual heights adequate for individual forage species regrowth (Allen et al., 2011) . Steers were rotated within each paddock at 14-to 28-d intervals throughout the study. When necessary, put-and-take steers were added or removed at a date coinciding with 28-d BW intervals. The 3 tester steers initially assigned to treatments remained in their paddock throughout the grazing season Available forage was estimated by clipping forage to a 5.0-cm height within 0.25 m 2 quadrates. A quadrat was clipped at 10 random sites within each paddock when paddocks were entered for grazing. During the grazing period, forage samples and steer weights were collected at 14-and 28-d intervals, respectively.
Forage Composition
Quadrat samples were used to estimate forage mass, whereas grab samples were used to determine chemical composition. Quadrat samples were dried at 95°C and weighed. Grab samples were freeze dried and ground through a Wiley mill with a 2-mm screen. Forage samples were analyzed for NDF and ADF according to Van Soest et al. (1991) , and the Clemson University Agricultural Service Laboratory analyzed forage samples for nitrogen content by combustion (Leco FB528 analyzer; Leco Corp., St. Joseph, MO), moisture content by weight loss after drying at 100°C, ashing at 600°C for 8 h, and mineral content by inductively coupled plasma mass spectrometry (AOAC, 2000) . Forage total lipid content was determined using an XT15 Fat Extractor (Ankom, Macedon, NY), with hexane as the solvent, and forage samples containing approximately 10 mg of lipid were transmethylated according to Park and Goins (1994) . Fatty acid analysis was performed using an Agilent 6850 GC equipped with an automatic sampler (Agilent, Wilmington, DE) according to Duckett et al. (2002) . Fatty acids were quantified based on the inclusion of an internal standard (methyl tricosanoate, C23:0) during methylation and expressed as weight percentage of total fatty acids.
Carcass Characteristics
Steers were slaughtered when there was either insufficient forage mass for continued steer gain or when steer BW exceeded 568 kg. Steers were transported to the Clemson University Meat Laboratory after an overnight fast. Carcass data were collected at 48 h postmortem. Instrumental (CR-310 Minolta Inc., Osaka, Japan) color readings were recorded in triplicate for L* (darkness to lightness), b* (yellowness), and a* (redness) on LM and subcutaneous (s.c.) fat at the 12th rib. One short loin was removed from each carcass for determination of fatty acid composition (Duckett et al., 2002) , fat-soluble vitamin content, and Warner-Bratzler shear force (WBSF) by postmortem aging time. One top sirloin butt (NAMP #184) from each carcass was also removed, vacuum packaged, aged 14 d at 4°C, and subsequently frozen at -20°C for consumer panel evaluation.
Beef Quality
Six 2.5-cm thick steaks were removed from the anterior end of each strip loin. The steak from the 13th rib was trimmed of all external fat and epimysial connective tissue for subsequent proximate and fatty acid analysis. The remaining 5 steaks were randomly assigned to 1 of 5 postmortem aging treatments (2, 4, 7, 14, or 28 d). Steaks were vacuum packaged, aged at 4°C for their respective postmortem aging time, and then frozen at -20°C.
For proximate analysis, LM was chopped (Blixer3 Series D; Robot Coupe Inc., Ridgeland, MS) to reduce particle size and samples removed for determination of moisture content. Samples were frozen at -20°C, lyophilized (VirTis; SP. Scientific, Warminster, PA), ground (Waring Commerical by Cuisinart; Pro Prep, Torrington, CT), and stored at -20°C. Duplicate samples of LM were analyzed for nitrogen content by the combustion method using a Leco FP-2000 N analyzer (Leco Corp., St. Joseph, MI) and multiplied by 6.25 to determine CP content. Moisture content was determined by weight loss after drying at 100°C for 24 h. Total ash content was determined by ashing at 600°C for 8 h and mineral content determined by inductively-coupled plasma atomic emission spectroscopy (ICP; AOAC, 2000) .
Total fat content was determined in duplicate using the XT-15 Extractor (Ankom Technology, Macedon, NY) and hexane as solvent. Freeze-dried LM samples were transmethylated according to the method of Park and Goins (1994) . Fatty acid methyl esters (FAME) were analyzed using an Agilent 6850 (Agilent, Santa Clara, CA) GC equipped with an Agilent 7673A automatic sampler as described by Duckett et al. (2002) . Separations were accomplished using a 100-m SP2560 (Sigma-Aldrich Co., St. Louis, MO) capillary column (0.25 mm i.d. and 0.20 μm film thickness). Column oven temperature increased from 150 to 160°C at 1°C/ min, from 160 to 167°C at 0.2°C/min, from 167 to 225°C at 1.5°C/min, and then held at 225°C for 16 min. Injector and detector were maintained at 250°C. Sample injection volume was 1 μL and hydrogen was the carrier gas at a flow rate of 1 mL/min. Samples were run twice with a split ratio of 100:1 for trans C18:1 and long-chain fatty acids, and again at split ratio of 10:1 for CLA and n-3 fatty acids. Individual fatty acids were identified by comparison of retention times with standards (SigmaAldrich Co.; Matreya, Pleasant Gap, PA), and fatty acids were quantified by incorporating an internal standard (methyl tricosanoic, C23:0) acid, into each sample during methylation and expressed as a weight percentage of total fatty acids.
Cholesterol content was determined according to Du and Ahn (2002) and quantified by incorporating an internal standard (stigmasterol) into each sample. Fatsoluble vitamin (α-tocopherol and β-carotene) content of the LM was determined according to the method of Gimeno et al. (2000) and Lee et al. (2005) . Recovery rates were 84% and 80% for tocopherol and β-carotene, respectively. Briefly, LM samples were saponified in NaOH, extracted with hexane, evaporated, and redissolved in methanol. For tocopherol, a 15-μL sample was injected into an HPLC (Shimadzu Prominence, Columbia, MD), separated with a 15 cm × 4.6 mm Discovery RP-Amide C16 column (Sigma-Aldrich) and eluted by an isocratic mobile phase of methanol:water (97:3) at 1 mL/min for tocopherol. Concentrations of α-tocopherol were detected using a Shimadzu Fluorescence Detector (RF-10aXL) with excitation of 295 nm and emission of 325 nm and quantified based on response of standard curve (0 to 8 μg/ml). For β-carotene, a 100-μL sample was injected into the HPLC, separated with Discovery RP-Amide C16 column, and eluted by an isocratic mobile phase of methanol:butanol (92:8) at 1 mL/min. Concentrations were detected using a Shimadzu SPD-M20A Diode Array detector at 295 to 473 nm and quantified based on response of standard curve (0 to 0.2 μg/mL).
For WBSF, steaks were thawed for 24 h at 4°C and broiled on Farberware (Bronx, NY) electric grills to an internal temperature of 71°C (AMSA, 1991) . Steaks were allowed to cool to room temperature before six 1.27-cm-diameter cores were removed from each steak parallel to the longitudinal orientation of the muscle fibers and sheared perpendicular to the long axis of the core using a Warner-Bratzler shear machine (G-R Manufacturing, Manhattan, KS).
Consumer Taste Panel
Consumers (n = 90) attending South Carolina Cattlemen's Association Convention participated in a consumer panel to evaluate overall acceptability and preference of beef produced from the 5 forage treatments. No information was given to the consumers regarding the treatments. Each consumer was only asked to evaluate sample "A", "B", "C", "D", and "E". Top sirloin roasts (3 roasts/forage treatment) were thawed at 2°C for approximately 48 h and cooked to an internal temperature of 65°C. Roasts were transported to the convention location (<2 km) in insulated closed containers. Samples from each treatment were cut into 1-cm cubes and placed in heated containers before service to consumers. For each sample, participants rated overall palatability by making a mark on a continuous, 10-cm hedonic reply line, with each end represented by a frown for dislike or a smiley face for like (AMSA, 1991) . Participants were also asked to rate an overall preference for 1 of 5 samples.
Statistical Analysis
Data were analyzed as a randomized complete block design using the mixed models procedure (SAS Inst. Inc., Cary, NC) to account for the fixed effects of forage species and the random effects of year and block. Paddock was the experimental unit, and blocks were based on initial BW. Significance was determined at P ≤ 0.05, and least squares means were separated with pairwise t tests (PDIFF option of SAS).
RESULTS AND DISCUSSION

Forage Chemical Composition
Precipitation during this study (summer months of 2007 and 2008) was approximately one-half the normal 30-yr average for the upstate region of South Carolina (Fig. 1) . Crude protein was greatest (P < 0.001) and least (P < 0.001) for cowpea (CO) and bermudagrass (BG), respectively, and the CP content of AL was greater (P < 0.001) than chicory (CH) and pearl millet (PM; Table 2 ). Muir (2002) reported decreased CP levels (17 to 21% CP) for CO than those reported in this study. Clapham et al. (2005) observed that CP content of the various forage species was high at early harvest and declined with advanced maturity. Bermudagrass had the greatest (P < 0.001) NDF levels, and CH had the least (P < 0.001) NDF. Pearl millet had greater (P < 0.001) NDF levels than AL and CO, which did not differ (P > 0.05). For ADF, BG had the greatest (P < 0.001) levels, and CH and CO had the lowest (P < 0.001) levels. The levels of ADF were greater (P < 0.001) for PM than AL. Average forage mass did not differ (P = 0.17) among the 5 forage species.
Total fatty acid content of the forage samples was greater (P < 0.02) for AL, CH, CO, and PM compared with BG (Table 2) . Dewhurst et al. (2001) found that forage fatty acid content was greatest in early and late season and least in summer. Clapham et al. (2005) also observed greatest forage fatty acid content at first harvest and noted that it declined with time. For the 5 forage species used in this study, the most predominant fatty acids were linolenic (C18:3; 57.6%), palmitic (C16:0; 19.2%), and linoleic (C18:2; 15.8%) acids. These 3 fatty acids comprised over 92.5% of total fatty acids present in the forage species. Similarly, others (Dewhurst et al., 2001; Clapham et al., 2005; Scollan et al., 2006) have reported that C18:3, C16:0, and C18:2 are the predominant fatty acids in forages, regardless of forage species. Palmitic acid concentration was greater (P < 0.001) for CO than BG, which were both greater (P < 0.001) than CH. Linoleic acid concentration was greater (P < 0.001) for BG than AL and CH, which were greater (P < 0.001) than CO and PM, whereas C18:3 concentration was greater (P = 0.002) for CH and PM than AL, BG, and CO. Clapham et al. (2005) also observed elevated levels of C18:3 in chicory (cv. Puna and Forage Feast) compared with cool season grasses, turnips, rape, borage, plantain, and triticale.
Chicory had the greatest (P < 0.05) concentrations of K, S, Cu, and Na than all other forage species (Table 2) . Cowpea had the greatest (P < 0.05) concentration of Ca, Mg, and Mn compared with all other forages, whereas BG had the lowest (P < 0.05) concentrations of P, K, Ca, and Zn. Phosphorus concentration was greatest (P < 0.001) in CH and AL. Iron concentration was greater (P < 0.001) for CO and PM than AL, BG, and CH. Sodium content of CH was 10-fold greater (P < 0.05) than the other forage species. Others (Crush and Evans, 1990; Jung et al., 1996) have also observed high mineral concentrations in CH relative to other forage species.
Steer Performance
Initial BW was greater (P < 0.01) for calves grazing BG, CO, and PM than AL and CH due to the different initial grazing dates (Table 3) . At the end of the grazing period, steers were heavier (P < 0.01) for BG than those on AL, CH, and PM. Average daily gain was the greatest (P < 0.05) for AL and CH and least (P < 0.05) for BG, CO, and PM. Similarly, Bates et al. (1996) and Clark et al. (1990) reported ADG exceeded 1 kg/d for steers grazing AL and CH. Dierking et al. (2010) reported that legume incorporation into tall fescue pastures increased ADG compared with tall fescue alone, and the ADG reported here for BG is similar to those reported previously in other literature (Hill et al., 1993; Taliaferro et al., 2004) . Ball et al. (2002) noted that PM was only high in nutritive quality when in the immature state, thus, potentially explaining the reduced ADG over the entire grazing season in this study. In contrast, Burton (1970) suggested that PM could support high ADG (up to 1 kg/d) and total BW gain/ha. These differences are likely related to the lack of rainfall and drought conditions experienced during this study. Body weight gain/ ha was greatest (P < 0.05) for AL and least (P < 0.05) for CO, whereas number of days steers spent grazing was greatest (P < 0.05) for PM and least (P < 0.05) for CO.
Carcass Characteristics
Hot carcass weights were heavier (P < 0.05) for AL, BG, and CO than PM (Table 4) . Dressing percentage was greater (P < 0.05) for CO than AL, which were both greater (P < 0.05) than BG, CH, and PM. Ingalls et al. (1966) found that sheep fed AL and birdsfoot trefoil had lower rumen fill and greater passage rates compared with sheep fed bromegrass and reed canarygrass. Carcasses from steers grazing legumes (AL and CO) were fatter (P < 0.05) than those grazing warm-season grasses (BG and PM). Carcasses from steers grazing PM had less (P < 0.05) KPH than AL, BG, CH, and CO, but neither LM area nor yield grade differed (P ≥ 0.13) among forage species. Marbling scores tended to be greater (P = 0.06) in carcasses from steers finished on CO, and quality grade was greater (P < 0.05) for CO than AL and CH. Ultimate LM pH and instrumental color (L*, a*, and b*; Table 5 ) did not differ (P > 0.45) in response to forage species. Lightness (L*) of s.c. fat was greater for PM, AL, and CH compared with CO; however, yellowness (b*) values in s.c. fat did not differ (P > 0.05) among forage species.
LM Composition
Total protein, lipid, ash, and cholesterol content of the LM did not differ (P ≥ 0.33) among forage species (Table 6 ). Moisture content was greater (P < 0.05) in the LM for PM than LM from steers grazing BG and CO. Even though LM concentrations of P, K, Ca, Cu, Mn, and Fe did not differ (P ≥ 0.10) among forage species, LM Mg and Zn concentrations were greater (P < 0.05) for BG than all other forage species. Sodium concentration was greater (P < 0.05) for BG than AL, CH, and PM. Concentrations of β-carotene were greater (P < 0.05) for PM than BG, AL, CO, and CH. Concentrations of β-carotene were greater (P < 0.05) for LM of BG and AL than CH. Concentrations of α-tocopherol and retinol in the LM did not differ (P > 0.22). In contrast, others (Realini et al., 2004; Scollan et al., 2006; Duckett et al., 2009a) have reported greater α-tocopherol concentrations for pasture-finished beef than those reported here. Liu et al. (1995) suggested that the threshold concentration for muscle α-tocopherol was 3.5 μg/g to extend color and lipid stability, but LM concentrations in the present study were below this threshold. It is important to note that α-tocopherol concentrations in forages are dependent on environmental stressors (Collakova and DellaPenna, 2003) ; therefore, the drought conditions observed in this study may have reduced the α-tocopherol concentrations in the forages.
Total fatty acid content of the LM did not differ (P > 0.05) among forage species (Table 7) . Overall, total percentages of SFA, odd-chain fatty acids, MUFA, and PUFA did not differ (P ≥ 0.07) among forage species. However, individual concentrations of certain fatty acids [pentadecyclic (C15:0) and stearic acids] were altered in LM of steers grazing different forage species. Most notably, trans-11 vaccenic (C18:1 trans-11; TVA) acid concentration in the LM was greater (P < 0.05) for BG than CH, CO, and AL. Conjugated linoleic acid, cis-9 trans-11 isomer, concentration was greatest (P < 0.05) for BG and PM than AL, CH, and CO. Sackmann et al. (2003) demonstrated that increasing forage amount and NDF content of the finishing ration enhances the outflow of TVA at the duodenum. The majority of CLA, cis-9 trans-11 isomer, in beef comes from desaturation of TVA to CLA in adipose tissues (Pavan and Duckett, 2007) . Because the grasses (BG and PM) in this study had greater NDF content than did the legumes (AL and CO) or forbs (CH), this likely resulted in greater outflow of TVA at the duodenum, which corresponded to greater tissue deposition of TVA and CLA in these forage treatments. Conjugated linoleic acid, cis-9 trans-11 isomer, has been shown to possess anticarcinogenic properties (Ha et al., 1987) that could be beneficial to human health.
The predominant fatty acids (70% or greater) in forages are PUFA; however, the predominant fatty acids in beef LM are MUFA and SFA due to the extensive biohydrogenation of PUFA to SFA by ruminal microbes (Duckett et al., 2002; Sackmann et al., 2003) and conversion of SFA to MUFA via adipose tissue desaturases (Duckett et al., 2009b) . Steers grazing CH, the forage species with a greater C18:3% produced LM with the greater (P < 0.05) C18:3 concentrations compared with AL, BG, and PM (Table 7) . In contrast, C18:3 levels in PM forage were similar to CH, but C18:3 concentrations in the LM of PM steers were less (P > 0.05) than CH and CO. For CO, forage C18:3 concentrations were less (P < 0.05) than CH and PM but LM C18:3 concentrations were greater (P < 0.05) for CO than AL, BG, or PM. Due to the process of biohydrogenation in the rumen and desaturation in the adipose tissues, differences in forage fatty acid levels are not directly translated to similar changes in LM fatty acid composition. This is consistent with the work of Dierking et al. (2010) , who found that beef fatty acid composition did not differ with AL or white clover incorporation into tall fescue pastures even though forage fatty acid composition varied.
The n-6 to n-3 ratio was greater (P < 0.05) for CH and PM than AL, BG, and CO (Table 7) . For AL, BG, and CO, the ratio of n-6 to n-3 fatty acids was below the 2:1 ratio typically observed for grass-finished beef (Duckett et al., 2009a) . Conversely, the PUFA:SFA in the LM was not affected (P > 0.05) by forage species, yet the PUFA:SFA reported here was at the high end of those reported for LM of forage-finished beef (0.07 to 0.13) by Enser et al. (1996) , French et al. (2000) , and Realini et al. (2005) . Scollan et al. (2006) reported that increasing legumes as a percent of the diet of cattle leads to increased deposition of n-6 and n-3 PUFA and thereby increases the PUFA:SFA. McAfee et al. (2011) reported that consumption of grass-fed red meat products increases plasma and platelet n-3 PUFA status, which indicates that decreased a,b Means with uncommon superscripts in the same row differ (P < 0.05). n-6:n-3 ratios typically observed in forage-finished beef can potentially impact human health.
All interactions between postmortem aging time and forage species for WBSF values in the LM were nonsignificant (P > 0.05). Steaks from steers grazing legumes (AL and CO) had less (P < 0.05) WBSF than other forage species ( Fig. 2A) . McCaughey and Cliplef (1996) reported similar WBSF and sensory panel tenderness ratings for steers finished on alfalfa alone or alfalfa followed by barley for 33 or 75 d before slaughter, indicating the short-term grain finishing did not improve tenderness of alfalfa-finished beef. Latimori et al. (2008) also reported no differences in cooked beef tenderness of steers of 3 genotypes finished on alfalfa, alfalfa with corn grain supplementation (0.7 or 1.0% of BW), or feedlot finished. Postmortem aging time reduced (P < 0.05) WBSF values by 2.15 kg over the 28-d aging period, with values decreasing (P < 0.05) at every aging date except 7 and 14 d postmortem (Fig. 2B) . Postmortem aging of 28 d was beneficial in reducing WBS values below 3.5 kg, a level considered to be tender by American (Boleman et al., 1997; Miller et al., 2001) and Venezuelan (RodasGonzalez et al., 2009) consumers.
Consumers rated roasts from steers grazing AL and CO greatest (P < 0.05) for overall palatability, whereas samples from BG and CH received the lowest (P < 0.05) overall palatability ratings (Fig. 3) . A greater percentage (39%) of consumers preferred (P < 0.05) beef from AL, whereas 10%, or less, of the consumers preferred (P < 0.05) beef from steers finished on BG and CH. Finishing on legumes can alter the flavor of lamb (Sink and Caporaso, 1977) ; however, Resconi et al. (2010) reported that finishing beef on AL, white clover, and tall fescue mixtures did not alter trained sensory panel fat flavor intensity and beef flavor intensity was greater for AL-finished compared with concentrate-finished beef. Umberger et al. (2002) noted that approximately 23% of consumers were willing to pay a premium of $2.99 kg PUFA:SFA 0.14 0.12 0.18 0.14 0.14 0.03 0.23 1 Forage species: alfalfa (AL), bermudagrass (BG), chicory (CH), cowpea (CO), and pearl millet (PM).
a-c Means with uncommon superscripts in the same row differ (P < 0.05).
more for grass-fed beef than grain-fed beef, whereas Kerth et al. (2007) reported about 22% of consumers preferred grass-fed beef compared with grain-fed beef. Realini et al. (2009) found consumers in the European Union preferred Uruguayan beef from cattle supplemented with concentrate on pasture compared with concentrate-fed beef. Results of the present study demonstrate that forage species during the finishing period can impact WBSF and consumer acceptability of forage-finished beef. Therefore, sensory comparisons among grass-and grain-feed beef products should denote details as to forage species grazed and duration of grazing, as well as composition of high-concentrate diet and duration of feeding.
Use of AL and CH during summer finishing of beef steers in the southeastern United States increased steer performance (>1 kg/d). Finishing on legumes (AL and CO) increased dressing percentage, reduced WBSF values, and increased overall palatability ratings of consumers with 39% preferring beef from steers finished on AL compared with all other forage species. However, additional research is needed to determine how beef finished on legumes would rate in acceptability compared with traditional, high-concentrate-finished beef. Anticarcinogenic fatty acids, TVA, and CLA cis-9 trans-11 isomer concentrations were greater in beef finished on grasses (BG and PM) compared with other forage species. The lowest ratios of n-6 to n-3 fatty acids were produced in LM when steers grazed CH and PM.
